Amendments to the Claims 



^rn^va.^ , vnlaces all prior versions - s claims e present 
application. 

Listing of Claims 

1 , (currently amended) A hydrogen storage and Cehv er> s * 
hydrogen storage vessel, a substantially vertically oriented orifice pulse t ebe - 

v s " N > ^ % v c refrigerator, sa eOv nk g adapted 

to counteract or abate heat transfer to the storage vessel from the ambient environment, said 

ne+creo qu r ase as a 

uoi - iSS - - "° co d heat exchanger of said orifice pulse tube refrigerator penetrates the 
gc i ?t >rage vessel 

x >• v ^ - > e v sV^ge ane dc :vuy system comprising a liquid 

15 drogen - orage \ esse! in the shape of a hollow toroid having an interior surface that defines a 
v s o age - t^sc a ubstantia h vertica h o ei ec jr 1 ce - Ise 
c ( gs> stem coupled to the orifice pulse tube refrigerator, said cooling 
i v u< _<* v or abate heat transfer to the storage vessel from the ambient 

environment. 

x - ' v hv v \ s^g a r m< 

thermal jacket exterior to and substantially enclosing said storage vessel, and a second thermal 
iCxC Cv N ^ \osing said first thermal jacket. 

4. (originai) A system according to claim 3, said cooling system further comprising a 
super insulation material disposed around and substantially enclosing at least said storage vessel 
a \ v > ^m > w o 
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dgiru system ccording to claim 3, said orifice pulse - < 
t ompi sing a first stage 01 s _ refrigeration unit and a second stage orifice pulse tube 

v temperature than the first stage refrigeration unit; said 
iirsl stage refrigeration unit being thermally coupled to said second thermal jacket, and said 
s - - 0" x e-*nafly coupled to sai- v - . - 

6. (original) A system according to claim 5, sa^d ;>■> x;sa^ , 
first stage cold heat exchanger having a first refrigerant 11 ! a fo> ^ -< ^ : 

with st dth< mal jacket, said sev ... - ion unit 

comprising a second stage cold heat exchanger having a second refrigerant fluid flow passage 
cation with sak ^ s v 

* * 3 e . ei ant Dud. refrigerated at said first stage cold heat exchanger to a 

system, 

— " c c ecc efrigeran! fluid, refrigerated at said second stage cold heat 
exchanger to a second temperature, is circulated through said first thermal jacket during 
operation of said system. 

7. (original; A system according to claim 6, said first temperature being 60-1OOK. 

8. (original) A system according to claim 6, said second temperature being 13-20K. 

^ - according to claim 1 , said cooling system comprising 

u neat UunSvC: h-u\ ntweunc Juvc;h into a hydrogen storage ^ 

nv ^ « ^ mV 

' 0 - t- 1^ claim 9, said heat tra ?fe xiyco 3 

transfer on. 



^ x ^ - x * stei &i co ding to claim I, further comprising am oscillatory gas 
>r£ ss 5 e source coupled to said orifice pulse tube refrigerator via a transfer tube, 



said orifice pulse tube refrigerator comprising a first stage orifice pulse tube refrigeration 
unit and a second stage orifice pulse tube refrigeration unit, each of the first and second stage 
refrigeration units comprising a respective regenerator, cold heat exchanger, pulse tube, hot heat 
exchanger, primary orifice, inertanee rube, and reservoir volume, 

each of the first and second stage refrigeration units further comprising a secondary 
orifice connecting the respective hot heat exchanger to the transfer tube. 

12. (original) A system according to claim 2, said cooling system comprising a first 
thermal jacket in the shape ofatoroid located concentrically adjacent and substantially enclosing 
- x i ^ f - v ve 

x sk ec :> di ^ to el dm 12, said first thermal jacket comprising a 
length of tubing coiled in the shape ofatoroid around the storage vessel and adapted to 
accommodate a flow of a first refrigerant fluid therethrough. 

14. (currently amended) A system according to claim 13, said tubing having at least one 
nat s;de extending longitudinally along the tubing's outer surface, said tubing being wound 
around said storage vessel such that said flat side of said tubing is in direct contact with said 
storage vessel, 

; 5. (original) \ system according to claim 13, said tubing of said first thermal jacket 
v , — e * v , ?. to said storage vessel. 

^ v , erg. to claim 17 s 

tlow passage of sa?.d orifice pulse tube refrigerator for 
by said orifice p etubs t v , rough 

it »'v emu 

x ^. o . , '2 \ 

second thermal jacket in the shape ofatoroid located concentrically adjacent and substantially 
e icloshigsa - ub iacbe 



: * ° - 1 0 r ^ according to claim 17, said second the - s ackef comprising a 

iengtn of tubing coiled in ihe shape of a toroid and adapted to accommodate a flow of a second 
refrigerant fluid therethrough. 

1 v . (original } A system according to claim 1 7. said orifice pulse tube refrigerator 
comprising a first stage orifice pulse tube refrigeration unit and a sec nd s gc notice puis e tube 
refrigeration unit that operates at a lower temperature tear *hc _ v . 

said second thermal jacket being in fund commn.v * ;i P. si . i, s now 
N s - ^ v - >'m ^ crcukUi v 

x v ^ onun.it ugh said second thermal jacket, 

said first thermal jacket being in fluid communication with a secone t r - .e > 1 ,\v 
^ »ge ge on mit or circulating a second :v 

cu gc itionunit through said Irstthe ra 1 acket 

20. (original.) A system according to claim 19. said first refrigerant fluid flow passage 
being located m a first stage cold heat exchanger of said first su> , --n unit, and said 

- - ^ passage being located in a second stage cold heat exchanger of said 

second stage refrigeration unit, 

nguwi - \ v v _ <v . v d ng to claim 17, said cooling system further comprising 
on material disposed around and substantially enclosing said storage vessel and said 

^ - - 'acket being provided or embedded within, or between 

rs of, said super Insulation material. 

: ~ coordinate dm 2, said orifice pulse tube refrigerator 

x \ y said toroidal storage vesse \dk e geometric 

center thereof, 




(oi gin i } \ system according to claim 1, further comprising an outer housing 
- ar vacuun chara e : 2rein, said liquid hydrogen storage vessel and said cooling 
xvsed a iary vacuum chamber, 

24. (original) A system according to claim 23, wherein operath c cold c; un seats < aid 
> ce pulse tube spose umch iber 

^. x x \\ * oc* acco d,r.g to claim 23, sai&priniary vacs. nx dm 

maintained at about or less than 1 0" 4 torr, 

\ s) sie n iccord g to c la n 23 : said hoasu h 

^ s rr.T, ay vacuum chamber, said system farther comprising 
v u o< c^v. „o np^e v s 

chamber, 

- o claim 26, said secondary chamber being maintained 
under vacuum at about or less than lb* 2 torr. 

28. (original) A system according to claim 26, said hydrogen conditioning equipment 

* ^pnsie* a v aj o* - r coupled to said hydrogen storage vessel via a delivery pipe and adapted 
1 0 ^ <:-' * lercfrom, and a preheater coupled to said vaporizer and adapted to 

receive vaporized hydrogen therefrom., said preheater being further adapted to heat hydrogen gas 

e - - . - d cell 

29, (original) A system according to claim 28, said delivery pipe being equipped with a 
liquid trap. 

e^o- , v c refrigeration unit and a second stagK > ee puki she 

refrigeration unit that operates at a lower temperature than the first stage refrigeration unit, each 
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of the first and second stage refrigeration units- comprising a respective egenerato < 
e i i eat e> changer, said first stage rege x a 

v > ansorpuvt mat< lal < act - ^ s 

and a porosity of at least 0,55. 

^ s 1 „ u s , ^' s e \i - ig 

provided as a plurality of layers of stainless steel screen or mesh j ied axiaih isverseh 

within s<< < trM 4 i s v >, ^ ~\ ( •< ^ c , ^ s > 0H ; ^ ^ c > ^ ,^ , , » 
regenerator not more than 1 psi. 

32. (original) A system according to claim 1 , said orifice pulse tube refrigerator 

- ' w e reri eration imtt and a second stage orifice pulse tube 

urates at we en per lure than the firs: ^ \„ c; >, o:- t > » unit, each 
v*v ,t eonds t ton units comprising a respective regenerator, cold heat 

exchanger, pulse tube and hot heat exchanger, said second stage regenerator having a second 
hea ibso vs see at absorptive mat 

capacity of at least 0,23 J.WK at 13-14K, a volumetric heat capacity of at least 0.5 J/cm 3 K at 
1 8-20K, and a porosity of 0.2-0.5. 

* ; " >> s> s em aecoschng to ckrnn 32, said second he, . , rssorpth « e 2 

£ v rtli metal compound. 

- vnnxo: * , - wed) A system according to claim 32, said second heat absorptive 
~ c v s v , , group consisting of erbium compounds. 

" s - e * / \ ^ stem according to claim 32, sai< , ic absorptive 
-v. s s « of erbium-praseodymium compounds. 

36. (original) A system according to claim 32, said second heat absorptive material being 
provided in the form of spheres having a mean diameter of 60-100 microns. 
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37. (original) A system according to claim 2, said orifice pulse tube refrigerator 
retngeratnn unit, each the firs else; sta e s 

regtiicratn- coU v e\ . , * e e. v - „ hot ui; ^ » e< - r , on;ke. \-xkxv tube, 
and reservoir volume. 

wherein the first and second stage regenerators, cold heat exchangers and pulse tubes 
extend or are disposed within a void space defined by said toroidal storage vessel and located at 
the geometric center thereof. 

" N N N \ ^ vxm \u< ch - r to claim 37, further comprising an outer housing 
iefu iga primar> v acuum chamber therein, 

said storage vessel and the first and second stage regenerators, cold heat exchangers and 
^ N Vnu< * A>Jn said primary vacuum chamber of said outer housing, 

and the first and second stage hot heat exchangers, primary orifices, inenance tubes and 
reservoir volumes being disposed outside of said primary vacuum chamber. 

>rig* V sys n according to claim 1, said system being effective to maintain 
liquid hydrogen in said storage vessel at or below 20K at steady state, such that substantially no 
> a ' coy* > .o iclieve hydrogen overpressure w ithin the s esse!, 

40. (original) A system according to claim 1 , further comprising an. oscillatory gas 
pressure power source coupled to said orifice pulse tube refrigerator, said oscillatory gas pressure 
power source being adapted to provide periodic pressure surges in a working fluid to drive said 
- - ate reMgeration power. 

> claim 40, salt urej wer sot rce 

ocn. a - v \ - no 

42 (ongim-0 \ s, c - e.\ < . v ; - cl n 41, said euk. ; s . - * , ^ e ^ o i o- ■ 
flexure bearing linear drive compressor. 
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v according to claim 1, s 

- 5 , ->e tebe and hot x> e\ ...^c, 

. ^er foread Oi t e 
espective - cold heat exchanger and e second si 

exchanger, 

44. (original) A system according to claim 43, said orifice pulse tube refrigerator being 
ope* bseatste s enerate 4-6 \* s efrigeration avu s 
exchanger operating at 60-1 00K and said second stage cold heat exchanger operating at I3-20K. 

45. (previously presented) An automobile comprising a hydrogen-powered interna! 

- - gine a id oi a hydrogen-powered fuel cell, and a hydrogen storage and delivery 
system according to claim 1 . 

o, < , N \ hviiogen storage and delivery system comprising a toroidal liquid 
no , ar orifice pulse tube refrigerator, and a cooling system, 
said toroidal storage vessel having an interior surface defining a liquid hydrogen storage 
vmg a \ o'd space located at the geometric center of the 

storage vessel, 

* > - « . ator extending within said void space at the geometric 

center of the storage vessel and comprising a first stage pulse tube refrigeration unit and a second 
Mage pulse nme refrigeration unit, each of fee first and second stage refrigeration units 
comprising - especs \ regenerator, cold heat exchanger, pulse tube and hot heat exchanger, 
wherein net refrigeration power for each of the first and second stage refrigeration units is 
generated at the respective first and second stage cold heat exchangers, and wherein the second 
" w - \ ^ nor temperature than the first stage cold heat 
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g system c i sing a first therma < - - catec 

s - ^ * „\ " o v 'oi>ng the liquid hydrogen storage vessel and a 

* ! 0 ^ " 5cakd concentrically adjacent and substantially 

-.to claim 46, sa 

engt gc shapt toroid substan z - storage vessel at 

fhau eonumm; .^hon with a iirsi refrigerant fluid flow p t - „ o v oe i eO n 

v ^ v. x «d second thermal c or 

-cbstamialiy enclosing the 

:\v lai ger 

48. (original) A system according to claim 47, further comprising a super insulation 

< 1 or v j apped around said storage vessel and said first thermal jacket, wherein 
s ,5. sjcot , s 0 'o\ hvd o: embedded v iff ir , r Vw c „ rs o*\ .said 

super insulation material. 

s - stem according to e aim 46, thither comprising an outer housing 

>K\ therein, said storage vessel, cooling system, first and second 
s pulse tubes- and hot heat exchangers all being disposed 

within said primary vacuum chamber. 

s sccording to claim 49, said housing further defining a secondary 
N - - * ^ ~rnar> vacuum chamber, said system further comprising 

vvithin said secc 
, . - v vng adapted at leas ( > c drogei 

^ - - « ' v„ onor to delivering said hydrogen as a gas to a 

engine or fuel eeli. 
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5! , (original) A system according to claim 46, further comprising an electric flexure 
bearing linear drive compressor coupled to said orifice pulse tube refrigerator and adapted to 
~ ^ s ~\3Pg Huid to d , 

shcreb} gei , ratv rc$ c m < - - w ;« at said first and second stage cold heat exchangers. 

52. (original) A system according to claim 1, further comprising a liquid level sensing 
probe disposed within said storage vessel, said liquid level sensing probe comprising a plurality 

iere * xible dielectric s s and a series of temperature ~ 
intervals along the length of the probe, said probe remaining flexible at a temperature of SOK. 

ghia syste ecording to claim 46, ft ere quid level sensing 

probe disposed within said storage vessel, said liquid level sensing probe eompm — , V < , 

- - ' ! ^ x - - * -etc-: strips and a series of temperature sensing units di-,; , o >w> 
intervals along the length of the probe, said probe remaining flexible at a temperature of 80K, 

54. (new) A system according to claim 1, further comprising hydrogen condhi ning 
equipment adapted to condition hydrogen drawn from said storage vessel to provide conditioned 
hydrogen in a suitable state for delivery to an engine or fuel cell that consumes said conditioned 
hydrogen as fuel. 
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